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Abstract - The purpose of this study was to investigate the 
relationship between the distribution of turbulence intensity 
and the localization of stenoses inside the venous 
anastomosis of arteriovenous (A-V) grafts.  Turbulent flow 
measurements were conducted inside an upscaled end-to-side 
graft model under pulsatile flow condition. The pulsatile flow 
waveforms had maximum, minimum and mean Reynolds 
numbers of 2500, 1200 and 1800, respectively based on the 
graft diameter.  The distribution of the velocity and 
turbulence intensity was measured at several locations in the 
plane of the bifurcation of the model.  Turbulence intensity 
was found to be greatest downstream of the anastomosis.  
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I. INTRODUCTION 
 

 Computational [3,5] and experimental [2,7] investigations 
of the fluid dynamics of distal end-to-side anastomoses 
associated with arterial bypass grafts have been conducted, 
motivated by the fact that this junction is a site of particularly 
high risk in intimal hyperplasia and other forms of arterial 
disease.  A further motivation is that the junction offers a 
situation providing a complex mix of fluid dynamic 
phenomena and can potentially aid the quest for causal 
linkages between disease localization and fluid dynamic 
details for arteries in general. 
 A similar geometry occurs at the downstream end of an 
arteriovenous anastomosis created by incorporation of a loop 
of graft material for the purposes of repeated high-flow-rate 
vascular access, as in renal dialysis.  Similar experiences of 
intimal hyperplasia leading to loss of patency, but now in the 
vein rather than the downstream artery, have as in the arterial 
bypass graft situation led surgeons to experiment with a 
variety of detailed geometries when forming the end-to-side 
anastomosis between the graft and the vein.  Reference [6] 
have shown that hyperplastic stenoses occur predominantly 
in the proximal vein segment (PVS), downstream of the 
graft-to-vein junction. This suggests the possible involvement 
of disturbances to flow created in the graft-to-vein junction 
and advected downstream.  
 To date there has been only one detailed set of 
investigations of the fluid dynamics of the graft-to-vein 
anastomosis  [8]. Reference [8] obtained the mean velocity 
profiles and wall shear stresses (WSS) inside realistic A-V 
graft models.  They implicated the low and oscillating WSS 

near the stagnation point and separation region in the development of 
a lesion dis tal to the toe (see Figure 1).  No measurements of 
turbulence levels were reported.  The first modeling study was done 
on the turbulence measurements quantitatively [1].  Reference [1] 
tried to understand the location of the wall shear stresses and 
turbulence regions inside an AV graft model under steady and 
pulsatile flow conditions. 
 Reference [4] measured perivascular tissue vibration and intimal 
thickening in A-V graft venous anastomoses, investigating in separate 
studies the results of varying both flow-rate and geometric details.  
They found the highest tissue vibration and intimal thickening to be 
localized on the toe side of the PVS. In the absence of direct 
measurements of flow turbulence, they hypothesized that tissue 
vibration was caused by turbulent flow and that the degree of the 
vibration was correlated with the blood turbulence level. 
 While these studies have contributed to our understanding of the 
intimal hyperplasia formation in the anastomosis they did not fully 
take into account all of the special fluid mechanical circumstances 
pertaining to this junction.  The major differences between these two 
end-to-side anastomoses, the arterial and the venous, from the fluid 
mechanical point of view, relate to the higher flow-rate and the 
reduced viscosity for the renal dialysis access graft.  Higher flow-rate 
is a consequence of the fact that the arteriovenous shunt bypasses the 
peripheral resistance, forcing the heart to increase cardiac output by 
virtue of the increased venous return. Unlike the arterial bypass graft, 
where the predominant resistance is peripheral, and the graft therefore 
does not set its own flow-rate, the arteriovenous graft does; its own 
resistance determines the shunt flow.   
   Reference [4] noted that higher Reynolds number implies a 
greater tendency to flow instability and turbulence.  Whereas the 
arterial bypass junction is unlikely to be turbulent than the venous one 
to be.  Evidence to support this reasoning is provided by the results of 
our own ultrasonic measurements of flow-rates and vessel diameters 
in a patient with such an arteriovenous graft, as reported below.  We 
assume that turbulent flow is likely in any graft-to-vein junction 

  DVS: Distal Vein Segment 
Fig. 1. Geometry and nomenclature of the venous anastomosis A-
V graft model. 
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Fig. 2. Ultrasonic B-mode scan of a dialysis patient’s 
graft-to-vein junction (A) and ultrasound velocity 
measurements in the graft (B), DVS (C) and PVS (D). 
 
having the diameter and flow-rate necessary for continuing 
patency and dialysis use. 
 In this study, we report the measurements under pulsatile 
flow conditions of the magnitude and spatial distribution of 
turbulence inside an in vitro  graft model representative of the 
graft-to-vein junction of a dialysis A-V graft. 
 

II. METHODS 
 

A. In Vivo Measurements 

A-V graft-vein junction flow conditions and vessel 
diameters were determined using Color Doppler ultrasound 
measurements (Acuson 128XP/10) conducted on two dialysis 
patients.  The measurements were conducted within one 
month of graft construction.  Figure 2 shows the B-scan-
mode outline of the venous anastomosis and the ultrasound 
velocity measurements in the graft, DVS and PVS 
respectively in one of the patients.  The PTFE A-V graft 
connected the brachial artery to the basilic vein near the 
patient’s elbow.  As seen in Figure 2, the measured graft 
lumen diameter (D) for this patient was 6.0 mm; in the other 
patient it was 6.7 mm.  In both patients, the PVS and DVS 
were of comparable diameter and somewhat smaller than the 
graft.  The angle of between the graft and the vein was 45? in 
one patient and much smaller in the patient shown in Figure 
2.  There is considerable variation in the geometry from 
patient to patient for surgical reasons.  

For the patient shown in Figure 2, the instantaneous 
mean of the sonograph trace was estimated to be 1.5 m/s at 
the maximum and 1.0 m/s at the minimum of the cycle.  For 
the other patient, the corresponding numbers were 1.2 and 
0.8 m/s.  Measurements were also made in the PVS and 
DVS; however, determination of the mean velocity was 
difficult because of the degree of spectral broadening. 
Reynolds numbers for the graft are difficult to estimate, since 
the shape of the velocity profile is unknown and the sample 
volume did not cover the whole vessel lumen.  Based on the 
velocity measured in the sample volume (V), and assuming 

normal blood viscosity (?  = 3.5 mPa s), the above measurements lead 
to a systolic peak Reynolds number of 2700 and a diastolic minimum 
of 1800 for the patient shown in Figure 3 (Re = ? VD/? , where ?  = 
blood density, 1.05 g/ml).  For the other patient, the corresponding 
values are 2400 and 1600.  Two assumptions are here implicit: 1) that 
the velocity profile is flat, and 2) that the patient has normal 
haematocrit.   
B. Model Geometry 

The model was scaled up eight times relative to the in vivo case.  
The model material was a transparent elastomer (Sylgard 184, Dow 
Corning), and the walls were thick enough that the model could be 
considered essentially rigid.  The graft-to-vein diameter ratio was 1.6, 
with a graft lumen diameter of 50.8 mm and a host vein diameter of 
31.75 mm.  The graft axis intersected the host vein axis at an angle of 
5?. 
C. Measurements 

1. Flow System and Flow rate for pulsatile flow 

  An experimental system was designed and constructed to provide 
the upscaled model with the proper inlet and outlet flow conditions.  The 
fluid employed, a mixture of 42% water and 58% glycerine by weight, 
was chosen to match the index of refraction of the Sylgard model 
(n=1.41).  This fluid had a refractive index of 1.41, a density of 1.16 
g/ml, and a dynamic viscosity of 10-mPa s as measured by a Wells -
Brookfield LVTDV-II spindle type micro-viscometer at 25?C.  A 1/3 HP 
centrifugal Teel split-phase pump provided the pressure head to drive the 
flow.  The total flow-rate was measured by bucket and stopwatch.  
Clinical experience is that the vein distal to the graft-vein junction 
often occludes; when it remains patent the flow-rate is typically small 
(less than 10% of the total flow-rate into the venous anastomosis).  
The ratio of the graft inlet flow-rate to the DVS inlet flow-rate was 
here chosen to be 85:15.  The DVS inlet flow-rate was measured by an 
ultrasound transit-time flowmeter (Transonic model T101).  Since fluid 
viscosity depends sensitively on temperature, a heater/mixer in the 
downstream tank was used to keep the fluid temperature at 23±0.5?C 
during the experiments.  The flow system is shown in the Figure 3.  The 
model was placed in a flow circuit under pulsatile flow conditions 
such that flow entered the graft from a straight tube four meters long 
with an inner diameter of 50.8 mm. 

2. Laser Doppler Anemometr (LDA)  

Velocity profiles were obtained by measuring the particle 
velocities on the millimeter-spaced points along the bifurcation plane.  
Thirteen axial locations along the vein axis were examined, starting 
distally (upstream) at x = –6.8D relative to the toe position, and 
extending proximally to x = +3.6D.   The two components of velocity 
were measured simultaneously with a two-color laser system 
(DANTEC, mirror type F147/B073 model 5500A), which used a 350 
mW argon-ion laser (blue = 488 nm, green = 514.5 nm).   The two 
measured velocity components were in the plane of the bifurcation; 
the u-component was parallel to the vein axis and the v-component 
was perpendicular to it.  The system consists of two Bragg cells, two 
photomultipliers with receiving optics and two electronic counters.   

The particles used to scatter the laser light were 0.993 ?m 
diameter polymer micro spheres (Duke Scientific Corporation, Palo 
Alto, CA, cat. no. 4009B).  The turbulence fluctuations and Reynolds 
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Fig. 3. Experimental flow system. 
 

stresses were calculated as using a data processing algorithm 
for pulsatile flow written by Arslan [1].  All measurements 
were scaled to in vivo values (Vvivo=2.5Vvitro). 
 

III. RESULTS AND DISCUSSIONS 
 

The objectives of this research project was to 
characterize the flow field within the venous anastomosis of a 
dialysis patient’s AV graft since fluid dynamics has been 
implicated as a cause graft failure.  The flow field was 
examined in detail using LDA measurements inside an in 
vitro model of the venous anastomosis under pulsatile flow 
conditions. Figures 4 to 7 show the vector plot, fluctuation 
velocities in the direction of x (urms), fluctuation velocities in 
the direction of y (vrms), and Reynolds stress ( vu ??? ) 
respectively.  The results of this study show the flow field 
inside an AV graft to be complex and significantly different 
than that of an arterial by-pass graft.  The velocity flow field 
was found to be both laminar and turbulent with a region of a 
separated flow which created a low WSS region at the toe 
side of the graft to vein connection.  These velocity flow 
patterns may contribute to the development and localization 
of intimal hyperplasia. 

The “M” shaped fluctuation velocity profiles were 
measured at the inlet of the graft at all phase angles.  Within 
the anastomosis, turbulent levels were slightly higher value 
on the hood side.  This is due slightly higher local Reynolds 
number on the hood side.  The highest turbulent level was 
detected at the toe side of the PVS at all phase angles with 
the maximum occurring at x/D=+1.2.  The highest velocity 
fluctuation was 12% of the local maximum mean velocity at 
the systolic peak at the location of x/D=+1.2 (see Figure 5-
B).  A second peak on the fluctuation profile was seen at 
systolic peak and deceleration at the floor side of PVS (see 
Figure 5.B and 6.B).  The highest Reynolds stress measured 
was 1636 dynes/cm2. 

 

IV. CONCLUSION 
 

  Highly disturbed flow is associated with kinetic energy transfer 
as evidenced by vessel wall and perivascular tissue vibration.  These 
stresses probably provide the stimulus that initiates and propagates the 
release of the biological mediators ultimately responsible of intimal 
hyperplasia formation. 

The critical Reynolds stress reported in different studies varying  
from 2500 dynes/cm2 to 30000 dynes/cm2 [9].  Since there was no 
research done on turbulent and Reynolds stress estimation in AV graft 
quantitatively up to now.  It is difficult to say if Reynolds stress values 
found in the present research may damage the RBC in the blood. 
  Further studies should be done on AV grafts with the different 
flow conditions and geometries together with the clinical studies to 
understand the affect of hemodialysis on intimal hyperplasia 
formation and graft failure. 
 

REFERENCES 
 

[1] N. Arslan, "Experimental Characterization of Transitional 
Unsteady Flow Inside a Graft-to-Vein Junction", Ph.D. thesis, The 
University of Illinois at Chicago, (1999) 
[2] H.M. Crawshaw, W.C. Quist, E. Serrallach, F.W. LoGerfo, "Flow 
disturbance at the distal end-to-side anastomosis," Archives of 
Surgery, Vol. 115, pp. 1280–1284, 1980. 
[3] D.Y. Fei, J.D. Thomas, S.E. Rittgers, "The effect of angle and 
flow rate upon hemodynamics in distal vascular graft anastomoses: a 
numerical model study, " ASME J Biomech Eng Vol. 116, pp. 331-
336, 1994. 
[4] M.F. Fillinger, D.B. Kerns, R.A. Schwartz, "Hemodynamics and 
Intimal Hyperplasia", Chapter 2 of Vascular Access for Hemodialysis -
II, W.L. Gore & Associates, Inc., and Precept Press, Inc., (B.G. 
Sommer and M.L. Henry, Eds.), pp. 21–51, 1990, 1991. 
[5] M. Hofer, G. Rappitsch, K. Perktold, W. Trubel, H. Schima, 
"Numerical study of wall mechanics and fluid dynamics in end-to-side 
anastomoses and correlation to intimal hyperplasia, " J Biomechanics, 
Vol. 29, 1297-1308, 1996. 
[6] R.Y. Kanterman, T.M. Vesely, T.K. Pilgram, B.W. Guy, D.W. 
Windus, D. Picus, "Dialysis access grafts: Anotomic location of 
venous stenosis and results of angioplasty, " Radiology, Vol. 195, pp 
135–139, 1995.  
[7] F. Loth, S.A. Jones, D.P. Giddens, H.S. Bassiouny, S. Glagov, 
C.K. Zarins, “Measurements of Velocity and Wall Shear stress inside 
a PTFE Vascular Graft Model under Steady Flow Conditions,” 
Journal of Biomechanical Engineering, May 1997, Vol. 119, pp. 187–
194, 1997. 
[8] M.C. Shu, and N.H.C. Hwang, “Haemodynamics of Angioaccess 
Venous Anastomoses,” Journal of Biomedical Engineering, Vol. 13, 
pp. 103–112, 1991. 
[9] S.P. Sutera, M.H. Mehrjardi,: Deformation and fragmentation of 
human red blood cells in turbulent shear flow.  Biophysical Journal 
15;1-10, 1975. 
 
 
 

Pump

Laser probe

Backscattered mode

HeaterRadiator

Downstream Tank

Upstream Tank

Test Section

Fluid: 42%Water  58% Glycerin

Target Rock 
Control Valve

90%

10%
EMF Probe

TFM Probe

PC Computer

85% 

15% 



 4

-6.8 -6 -5.2 -4.4 -3.6 -2.8 -2 -1.2 -0.4 0 .4 1.2 2 2.8 3.6 4.4

0 5 m/s

 

-6.8 -6 -5.2 -4.4 -3.6 -2.8 -2 -1.2 -0.4 0.4 1.2 2 2.8 3.6 4.4

0 0.5 m/s

 

-6.8 -6 -5.2 -4.4 -3.6 -2.8 -2 -1.2 -0.4 0.4 1.2 2 2.8 3.6 4.4

0 0.5 m/s

 

-6.8 -6 -5.2 -4.4 -3.6 -2.8 -2 -1.2 -0.4 0.4 1.2 2 2.8 3.6 4.4

03000dynes/cm2

Fig. 4. Vector plots, urms, vrms, v

u

?

?

? ατ systolic acceleration.  

-6.8-6-5.2-4.4-3.6-2.8-2-1.2-0.40.41.222.83.64.4

0

5 m

/s

 

-

6

. 8-

6-

5

. 2
-

4

. 4

-3

.

6
-

2

. 8-

2-

1

. 2
-

0

. 40

. 4

1

. 2

2

2

. 8

3

.

6

4

. 4

0 0.

5m/s

 

-

6

.8-

6-

5

.2-

4

.4

-3

.

6-

2

.8-

2-

1

.2-

0

.40

.4

1

.2

2

2

.8

3

.

6

4

.4

0 0.

5 m/s

 

-6.8-6-5.2-4.4-3.6-2.8-2-1.2-0.4
0

.41

.222.83.64.4

0 3 000 dy ne s/ c m2  Fig. 5. Vector plots, urms, vrms, at systolic peak. -6.8-6-5.2-4.4-3.6-2.8-2-1.2-0.40.41.222.83.64.4 -6 .8 - 6 - 5 .2- 4 .4- 3 .6- 2 .8 - 2 - 1 .2- 0 .4 0 .4 1 .2 22 .8 3 .6 4 .4 00.5m/s -6.8-6-5.2-4.4-3.6-2.8-2-1.2-0.40.41.222.83.64.4 0
0

.
5m

/
s

 -6.8 -6 -5.2 -4
. 4 -3

.6-2
.8 -2 -1.2-0.40.41.2 22.83.6 4.4

0 3000dynes/ cm 2  Fig. 6. Vector plots, u rms , v rms , at systolic deceleration . -6.8-6-5.2-4.4-3.6-2.8-2-1.2-0.40.41.222.83.64.4 .8-6-5.2
-4.4

-3.6-2.8-2-1.2
-0.40.41.2 22.83.64.4

0 0.5m/s

 -6.8-6 -5.2 -4. 4-3. 6-2.8 -2-1.2-0.4 0. 4 1. 2 2 2.8 3.6 4.40 0.5 m/s  -6.8-6-5.2-4.4-3.6-2.8-2-1.2-0.40.41.222.83.64.4
0 3000dynes/ cm 2  Fig. 7. Vector plots, ur m s

, vr m s

vu ?? ?at diastole  A B C  B 

D

C

 D  

A

 

A

 B  C D A B C D 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


